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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates generally to video
processing, and more particularly to an interface that en-
ables controlling a virtual camera through a user’s head
motion in order to adjust the view being presented during
an interactive entertainment application.

2. Description of the Related Art

[0002] The interactive entertainment industry strives
to allow users a realistic as possible experience when
playing an interactive video game. Currently, the scene
views presented on screen during execution of the inter-
active application do not allow for the definition of a scene
view according to actual tracked movement where the
movement is captured without the use of markers. The
requirement for a user to wear the sometimes awkward
markers is a nuisance that has prevented the wide scale
acceptance of the applications associated with the mark-
ers.
[0003] One attempt to provide a realistic experience is
to provide a canned response to a detected movement.
That is, a user may be monitored and if the user ducks
or jumps a corresponding character of the application
ducks or jumps. However, there is no correlation with the
user’s movement to the scene view being presented on
display screen viewed by the user. Thus, in order to
change a scene view being presented, the user is left
with manipulating a joy stick to change the scene view.
Moreover, a user is required to remember a number of
abstract commands in order to access the various scene
movement capabilities. For example, in order to peer
around a corner within a scene, the user may have to
key a button sequence in combination with manipulation
of the joy stick in order to achieve the desired function-
ality. As can be appreciated, this manipulation is wholly
unrelated to the physical movement, i.e., peering around
a corner, tying to be emulated.
[0004] In view of the foregoing, there is a need for pro-
viding a method and apparatus configured to tie the ac-
tual movement of a user to modify a scene view being
presented, without having the user wear markers, during
an execution of an interactive entertainment application.

SUMMARY OF THE INVENTION

[0005] Previously proposed arrangements are dis-
closed by EP 1 279 425 A2, US 2001/019620 A1 and EP
0 474 307 A2.
[0006] Broadly speaking, the present invention fills
these needs by providing a method and apparatus that
tracks head motion of a user without markers in order to
adjust a view-frustum associated with a scene being dis-

played. It should be appreciated that the present inven-
tion can be implemented in numerous ways, including as
a method, a system, computer readable medium or a
device. Several inventive embodiments of the present
invention are described below.
[0007] The invention is defined by the appended
claims.
[0008] Other aspects and advantages of the invention
will become apparent from the following detailed descrip-
tion, taken in conjunction with the accompanying draw-
ings, illustrating by way of example the principles of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention, together with further advantages
thereof, may best be understood by reference to the fol-
lowing description taken in conjunction with the accom-
panying drawings.

Figure 1 is a simplified schematic diagram illustrating
a view-frustum.
Figure 2 is a simplified schematic diagram illustrating
a virtual space viewpoint which is capable of being
set by an application developer in accordance with
one embodiment of the invention.
Figure 3 is a simplified schematic diagram illustrating
a top view of a world space configuration where a
user’s relative position within a three-dimensional
cube is used to effect a scene being presented during
an interactive entertainment application in accord-
ance with one embodiment of the invention.
Figure 4 is a simplified schematic diagram illustrating
alternative facial orientations generated for a system
configured to adjust a point of view being displayed
according to a user’s head movement in accordance
with one embodiment of the invention.
Figure 5 is a simplified schematic diagram illustrating
the generation of a template and the corresponding
matching of the template to a region within a frame
of video data in accordance with one embodiment
of the invention.
Figures 6A and Figure 6B are simplified schematic
diagrams illustrating a change in a view-frustum ac-
cording to a change in a location of a control object
relative to a view port in accordance with one em-
bodiment of the invention
Figure 6C is a simplified schematic diagram illustrat-
ing the translation of a view frustum with a control
objects motion, thereby providing a parallax effect in
accordance with one embodiment of the invention.
Figures 7A and 7B illustrate simplified schematic di-
agrams comparing virtual world views with real world
views in accordance with one embodiment of the in-
vention.
Figure 8 is a simplified schematic diagram illustrating
view-frustums configured to maintain an object loca-
tion constant within a view port in accordance with
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one embodiment of the invention.
Figure 9 is a simplified schematic diagram illustrating
a view port rotation scheme where an object is
viewed from different angles in accordance with one
embodiment of the invention.
Figure 10 is a simplified schematic diagram illustrat-
ing a scheme where a user’s head stays in a fixed
location but a view-frustum is rotated according to
how the user’s head moves I accordance with one
embodiment of the invention.
Figure 11 is a simplified schematic diagram illustrat-
ing the system configured to enable interactive user
control to define a visible volume being displayed in
accordance with one embodiment of the invention.
Figure 12 is a flow chart diagram illustrating method
operations for managing a visible volume display
through a view port in accordance with one embod-
iment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] An invention is disclosed for adjusting a point
of view for a scene being displayed during an interactive
entertainment application according to the head move-
ment of a user. In the following description, numerous
specific details are set forth in order to provide a thorough
understanding of the present invention. It will be appar-
ent, however, to one skilled in the art that the present
invention may be practiced without some or all of these
specific details. In other instances, well known process
steps have not been described in detail in order not to
obscure the present invention.
[0011] The embodiments of the present invention mod-
ify a point of view associated with a virtual camera during
an interactive entertainment application through the
marker-less tracking of a control object. Thus, the visible
scene being presented on a display screen is effected to
the actual movement of the control object. That is, the
control object is tracked and the movement of the control
object is translated to modify a view-frustum defining a
visible scene presented on a display screen. For illustra-
tive purposes, the embodiments described herein des-
ignate the control object as a user’s head. Of course,
certain features of a user’s head may be tracked, e.g.,
the face or any other suitable facial feature. Accordingly,
rather than using a joy stick controller to move a virtual
camera that defines the point of view for the visible scene
being presented, a change in the coordinates of a user’s
head, that is being tracked through an image capture
device, results in defining a new view point and subse-
quently displaying the image data associated with the
new view point. As mentioned above, the tracking of the
control object is performed without markers affixed to the
control object. Thus, the user is not required to wear a
device for tracking purposes. One skilled in the art will
appreciate that the image capture device may be any
suitable camera, e.g., a web camera.

[0012] In one embodiment, the physical movement in
the real world, that is associated with the control object
being tracked, is transformed to a virtual movement of a
virtual camera defining a visible scene. The visible scene
in the virtual world is then displayed through a virtual
window, then rendered onto a rectangular area with
screen coordinates, referred to as the view port. As used
herein, the view port may any suitable display screen,
e.g., a television monitor, a computer monitor, etc. While
the embodiments described herein refer to a video game
application, the embodiments may be applied to any suit-
able interactive entertainment application. Accordingly,
with respect to a video game application any suitable
video game console, such as the "PLAYSTATION 2"®
manufactured by Sony Computer Entertainment Inc. may
be incorporated with the embodiments described below.
However, the embodiments including a video game con-
sole may also include any suitable computing device in
place of the video game console. For example, with ref-
erence to on-line gaming applications, the computing de-
vice may be a server.
[0013] In one embodiment, a video camera is set prox-
imate to a graphical display and pointed at the user to
detect user movements. In particular, a change in loca-
tion associated with the user’s head or face is detected
by the video camera. Each frame of video is processed
to locate the position of the user’s head in the image, by
matching a portion of the video frame with a face template
captured from a specific user, or a canonical face tem-
plate. The face template is initially captured by the user
placing his face within a capture region defined on a dis-
play screen. Once the user’s face is within the capture
region the system is signaled so that an image of the
user’s face may be stored as gray scale image data or
some other suitable image data for storage in memory.
The virtual viewpoint and view frustum used for display-
ing the scene are modified to correspond to the user’s
tracked head or face location during execution of an in-
teractive entertainment application. In addition, distance
of the user’s head from the camera may be determined
from the scale of their face/head features in the video
image. The mapping from the head location to the virtual
view is dependent on the application. For example, a
game developer may decide on the factors defining the
mapping of the head location to the virtual view.
[0014] Figure 1 is a simplified schematic diagram illus-
trating a view-frustum. As is generally known, the view-
frustum is used to define viewable objects for presenta-
tion. Thus, from viewpoint 100 a pyramid is defined. View-
frustum 106 is bounded by the four sides of the pyramid
having an apex at viewpoint 100. View-frustum 106 may
be thought of as a truncated pyramid where near plane
102 clips the pyramid defined from viewpoint 100 at a
front end, i.e., closer to the viewpoint. Far plane 104 clips
the pyramid at a far end. Thus, view-frustum 106 defines
a truncated pyramid volume, wherein the visible volume
for display through a view port is defined within the trun-
cated pyramid volume of view frustum 106. One skilled
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in the art will appreciate that the view-frustum enables
objects defined in three-dimensional space to be culled
in order to present the visible objects on a two-dimen-
sional screen. Consequently, plane 102 may be consid-
ered a virtual display screen, i.e., a view port, in which
objects defined within view-frustum 106 are presented.
[0015] Figure 2 is a simplified schematic diagram illus-
trating a virtual space viewpoint which is capable of being
set by an application developer in accordance with one
embodiment of the invention. Viewpoint 110 is associat-
ed with a particular distance to virtual window 108. As a
result of that distance, the scene being presented through
virtual window 108 may be modified. In other words, dis-
tance 111 may be used to define a scale of a scene being
displayed in virtual window 108. As can be seen, view-
point 110 may be moved closer to or farther from virtual
window 108 in order to manipulate the scene being pre-
sented. With reference to video game applications, dis-
tance 111 is set by a game developer or programmer as
desired. Thus, distance 111 may be manipulated to pro-
vide the effect of being right up against virtual window
108, a significant distance away from virtual window 108,
or any distance in between. For example, with respect
to a video game application, a character running may be
associated with a distance being relatively close to virtual
window 108 in order to see the ground directly in front of
the character. Alternatively, an application displaying a
view from an airplane in flight, may be associated with a
large distance to provide the effect of a global view.
[0016] Figure 3 is a simplified schematic diagram illus-
trating a top view of a world space configuration where
a user’s relative position within a three-dimensional cube
is used to effect a scene being presented during an in-
teractive entertainment application in accordance with
one embodiment of the invention. Here, image capture
device 116 is configured to track control object 112, e.g.,
a user’s head or face region, within a capture zone de-
fined by three-dimensional cube 114. As will be explained
in more detail below, image capture device 116 is in com-
munication with a computing device controlling the image
data, i.e., the scenes, being presented on display screen
118. Thus, as control object 112 moves within the capture
zone the change in location captured by image capture
device 116 is translated in order to effect a corresponding
change to a view-frustum defining the visible scene being
presented on display screen 118. For example, the pyr-
amid discussed with reference to Figure 1 having an apex
associated with control object 112 defines a view-frus-
tum. As will be described in more detail below, the move-
ment of control object 112 causes a scene view being
presented to change relative to the movement of the con-
trol object. In one embodiment, image capture device
116 is configured to zoom-in on various quadrants of
three-dimensional cube 114 in order to locate where
head 112 is relative to the three-dimensional volume. It
should be appreciated that image capture device 116
may be any suitable camera capable of tracking a user’s
head within a capture zone. It should be further appreci-

ated that the tracking is performed through a marker-less
scheme.
[0017] Still referring to Figure 3, in one embodiment,
image capture device 116 is a depth camera. For exam-
ple, the depth camera discussed in US Application Serial
Number 10/365,120 entitled "Method and Apparatus for
Real Time Motion Capture," is an exemplary depth cam-
era capable of determining a distance of control object
112 to display screen 118. Depth cameras offered by
3DV STSTEMS or CANESTA may be employed as im-
age capture device 116 for the embodiments described
herein. Thus, the view being displayed on display screen
118 may be modified in response to movement within
capture zone 114 of control object 112. Additionally, the
scale associated with the image data being displayed
may be manipulated according to a change in the dis-
tance of the user’s head to the display screen. In another
embodiment, an image capture device without depth ca-
pability may be used, where control object 112 is a user’s
head or facial region, and where the size of a face asso-
ciated with the user’s head is compared in successive
video frames in order to translate a change in the distance
from the user’s head to the display screen. For example,
a change in size of the user’s head, or another suitable
control object, within a range of about 15% in the suc-
cessive video frames may be used to manipulate the
scale of a scene being presented on display screen 118.
One skilled in the art will appreciate that the use of an
image capture device 116 where the image capture de-
vice does not have depth capability will require a more
powerful processor as compared to the use of a depth
camera.
[0018] Figure 4 is a simplified schematic diagram illus-
trating alternative facial orientations generated for a sys-
tem configured to adjust a point of view being displayed
according to a user’s head movement in accordance with
one embodiment of the invention. Here, image 120a is
initially captured as the template of a user’s head. Upon
the capture of image 120a, associated images 120b and
120c are generated where the facial orientation is rotated
relative to axis 122. That is, image 120b is created by
tilting the face of image 120a in one direction, while image
120c is created by tilting the face of image 120a in a
different direction, thereby identifying additional three di-
mensional positions of the head. One skilled in the art
will appreciate that numerous other templates may be
generated where the orientation or size of the face is
modified from the original template. Additionally, any suit-
able orientation change or size change from the original
captured image may be generated. In one embodiment,
a degree of change in the orientation or size is determined
for use in modifying a scene view.
[0019] Figure 5 is a simplified schematic diagram illus-
trating the generation of a template and the correspond-
ing matching of the template to a region within a frame
of video data in accordance with one embodiment of the
invention. Here, template 124a is created upon initializa-
tion as described above. In one embodiment, template
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124a is a 12x16 pixel size region. Region 130 represents
a frame of video data. Within the frame of video data
search region 126 is defined. In one embodiment, a size
associated with search region 126 is determined by how
far, in terms of pixels, a user can move between frames.
For example, if a user moves eight pixels in between
frames, the size of search region 126 is configured to
accommodate this movement so that the movement may
be captured. Thus, in one embodiment, each frame of
video data is searched within the search region in order
to locate a match between the template defined in search
region 126 and stored template 124a, thereby enabling
computation of a change in movement of a user. In an-
other embodiment, a match is found for template 124a,
which is stored in memory as described above, and a
corresponding region 124b within search region 126
through a sum of absolute differences scheme also re-
ferred to as an L1 norm calculation. That is, values as-
sociated with each pixel of template 124a are subtracted
from corresponding pixels within an area defined in
search region 126 in order to locate an area within the
search region that generates the lowest score when com-
pared to template 124a. For example, corresponding pix-
el values from template 124a and region 124b are sub-
tracted from each other. The absolute value of each of
the differences is then taken and summed in order to
obtain a score associated with the comparison of tem-
plate 124a and region 124b. The corresponding region
within search area 126 having the lowest score when
compared to template 124a is the most likely candidate
for a match. In one embodiment, a threshold score must
be obtained in order for the region within search area 126
to be considered a match to template 124a. In one em-
bodiment, if no match is found, then the location of the
control object defaults to a location determined within a
previous frame. One skilled in the art will appreciate that
the comparison through the sum of absolute differences
is provided for exemplary purposes only and is not meant
to be limiting. That is, other suitable techniques such as
taking the square of the differences may also be used in
order to calculate the score. In essence, any technique
which generates a positive value from each of the differ-
ences may be used to calculate the score.
[0020] Still referring to Figure 5, in one embodiment,
the image data to determine a match are gray scale lu-
minance values associated with each of the pixels of the
corresponding image data. It will be apparent to one
skilled in the art that other suitable values associated with
the pixels may also be used for the calculation to deter-
mine a match to template 124a. It should be appreciated
that search region 126 may be set to a new default loca-
tion within display region 130 during the execution of the
interactive entertainment application. In addition, the im-
age data used for the template may be dynamic in order
to enhance the tracking of the user’s facial features. Thus,
when tracking the facial region of a user’s head, should
the user turn his face from the capture device, the image
data captured when the facial region was lost may be

tracked in substitution of the initial facial region.
[0021] Figures 6A and Figure 6B are simplified sche-
matic diagrams illustrating a change in a view-frustum
according to a change in a location of a control object
relative to a view port in accordance with one embodi-
ment of the invention. In Figure 6A, the user’s head 134a
is tracked at an initial position, thereby defining a view-
frustum defining visible volume 136 which is behind view
port 132 and between side boundaries 136a and 136b.
Should the user’s head move closer to view port 132, as
illustrated by location 134b of the user’s head, the asso-
ciated view-frustum is modified. That is, view-frustum
138, which is defined behind view port 132 and between
side boundaries 138a and 138b, provides a wider angle
of view behind relative to view-frustum 136. It should be
appreciated that this effect may be analogized to looking
out a window. That is, the farther a person is from the
actual window the view angle will be more limited.
[0022] Figure 6B illustrates the movement of a view-
frustum from side to side in an asymmetric manner in
accordance with one embodiment of the invention. Here,
the user’s head is initially in location 133a, thereby de-
fining view-frustum 142 behind view port 132 and be-
tween side boundaries 142a and 142b. As the location
of the user’s head moves to location 133b, the boundaries
of view-frustum 140 are modified as compared to view-
frustum 142. That is, the user in location 134b has a wider
angle of sight through the right-hand side of view port
132 as defined by side boundary 140b. However, a more
limited angle of sight through the left-hand side of view
port 132 is associated with view frustum 140 through side
boundary 140a. It should be appreciated that with refer-
ence to Figure 6B, view-frustum 142 defines a symmet-
rical view-frustum. That is, the line of sight from a user’s
head at location 133a is normal to a center point 135 of
the plane defined by view port 132. However, as the us-
er’s location is moved to location 133b the view-frustum
is adjusted as described above and becomes asymmet-
rical. As such, the eye-gaze direction from location 134b
is not normal relative to a center of view port 132. In other
words, the view plane is no longer perpendicular to the
gaze direction, which is atypical for views provided
through video games. The display may be considered as
a virtual window into a scene, wherein the embodiments
described above adjust the view-frustum to show what a
user can see through this window as his head moves. It
should be appreciated that this provides a parallax effect
but also a change in viewing angle.
[0023] Figure 6C is a simplified schematic diagram il-
lustrating the translation of a view frustum with a control
objects motion, thereby providing a parallax effect in ac-
cordance with one embodiment of the invention. Here,
as a user’s head, or a facial feature of the user’s head,
moves from location 135a to 135b, the perpendicular an-
gle of gaze direction to a center point of the corresponding
view port is maintained. Thus, it appears as viewpoint
132 is translated along with the change in location of the
user’s head, which may be referred to as strafing. It
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should be appreciated that visible volume captured
through the corresponding view frustums of locations
135a and 135b changes as the boundaries of the corre-
sponding view frustums move. In one embodiment, a us-
er’s head moving up and down is tracked to cause the
game’s view frustum to provide a different viewpoint while
maintaining a symmetrical view-frustum. One skilled in
the art will appreciate that it is important to maintain the
virtual camera direction as described in the embodiment
of Figure 6c for peering around a corner such as in a
stealth or first person shooter game. One skilled in the
art will appreciate that a TV screen acting as view port
132 may be viewed much larger than it actually is relative
to the entire visual field of the user in order to provide a
bigger window for the user so that a user does not feel
they are looking through a tiny window.
[0024] Figures 7A and 7B illustrate simplified schemat-
ic diagrams comparing virtual world views with real world
views in accordance with one embodiment of the inven-
tion. In figure 7A, a virtual world view defined by view-
frustums originating from locations 144a and 144b
through virtual view port 142a. In Figure 7B, real world
views are defined by view-frustums associated with lo-
cation 144a’ and 144b’ through view port 142b. It should
be appreciated that location 144a in the virtual world cor-
responds to location 144a’ in the real world. Likewise,
location 144b corresponds to location 144b’. Further-
more, with respect to video game applications or any
other interactive entertainment applications, view port
142b may be considered a television screen or any other
suitable type of display screen. For Figure 7A, a virtual
camera is associated with locations 144a and 144b. In
real world configuration of Figure 7B, a tracking device
such as a camera tracks movement of the user’s head
from initial location 144a’ to a next location 144b’. This
movement is interpreted in the real world as set by code
developers for that scene. A physical movement in the
real world of Figure 7B is then transformed or mapped
into virtual movement in the virtual world of Figure 7A in
order to move the virtual camera to define a scene to be
displayed on view port 142b in the real world. It should
be appreciated that the scale of movement does not nec-
essarily match between the real world and the virtual
world. However, the user is provided with the impression
of control over the view movement during execution of
the interactive entertainment application.
[0025] Figure 8 is a simplified schematic diagram illus-
trating view-frustums configured to maintain an object
location constant within a view port in accordance with
one embodiment of the invention. Here, object 150 de-
fines a center of interest point. That is, the view-frustums
associated with various locations, such as locations
144a’ and 144b’ relative to view port 142 center around
object 150. Thus, object 150 appears at a constant po-
sition in the scene from the different locations 144a’ and
144b’. For example, in a game, if there is a statue that is
important for some reason, then the configuration de-
scribed above enables the statue to be maintained at the

center point or point of interest of the scene. Therefore,
the user’s attention is drawn to the statue even though
the scene presentation may not be physically correct. As
illustrated in Figure 8, in order to maintain the relative
position of object 150, the size of view port 142 is adjust-
ed.
[0026] Figure 9 is a simplified schematic diagram illus-
trating a view port rotation scheme where an object is
viewed from different angles in accordance with one em-
bodiment of the invention. Here, the virtual camera orbits
around path 152 in order to define the plurality of view-
frustums 154-1 to 154-n, which provide views of object
156 at various angles. Thus, this embodiment may be
used when looking over a person’s shoulder, or as a per-
son moves around path 152 relative to object 156, i.e.,
directing an orbiting camera in a 3rd person game. Figure
10 is a simplified schematic diagram illustrating a scheme
where a user’s head stays in a fixed location but a view-
frustum is rotated according to how the user’s head
moves. For example, the user’s head may tilt or twist
within a location thereby defining different view-frustums.
Here, view-frustums 162-1 through 162-n are defined
around location 160 which corresponds to a user’s head.
In this embodiment, a user provided with the capability
of looking around a cockpit for flight simulation applica-
tions or out of side windows of a vehicle during driving
simulation applications.
[0027] Figure 11 is a simplified schematic diagram il-
lustrating the system configured to enable interactive us-
er control to define a visible volume being displayed in
accordance with one embodiment of the invention. Here,
display device 164 is in communication with computing
device 168 which includes a controller 170. Camera 116
is configured to monitor user 172. That is, as user 172
moves, camera 166 tracks a location of the movement
of the facial region 174 of the user as described above.
A position of virtual camera 176 capturing a scene being
presented is adjusted in response to the movement of
the facial region, thereby modifying the scene presented
through display device 164. For example, camera 116
may be configured to track a user’s head located through
comparison with a template which is stored in memory
of computing device 168. Computing device 168 com-
pares the template to video frame data captured through
camera 116 as described with reference to Figure 5. For
example, if user 172 moves his head to peer around a
corner, virtual camera 176 is adjusted to provide a view
on display device 164 providing a scene of what is around
the corner.
[0028] Figure 12 is a flow chart diagram illustrating
method operations for managing a visible volume display
through a view port in accordance with one embodiment
of the invention. The method initiates with method oper-
ation 180 where a head of the user is identified. For ex-
ample, the head of the user may be initialized as de-
scribed above in order for a template to be generated of
the head of the user for use as described below. In one
embodiment, the initialization of the head of the user cap-
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tures a gray scale image of the head of the user and
stores that image in memory. The visible volume may be
a portion of a view-frustum that defines a scene for pres-
entation as described with reference to Figure 1. The
method then advances to operation 182 where a location
of the head of the user is tracked relative to a view port.
For example, as a user tilts, rotates or moves their head
from one location to another, the new location or orien-
tation is tracked relative to a view port. As described
above, a view port may be a television screen or any
other suitable display screen. Additionally, the movement
of the head of the user is captured through a camera that
may or may not have depth capturing capability. The
method then advances to operation 184 where a view-
frustum is translated in accordance with a change in lo-
cation of the head. Any number of translations of the view-
frustum may be used as described above with reference
to Figures 7 through 10. Additionally, while a template of
a head is used for tracking purposes, one skilled in the
art will appreciate that numerous other schemes may be
incorporated in place of the template of the head. For
example, any suitable marker-less scheme that deter-
mines where a user’s head may be utilized. In one em-
bodiment, the relative distance of the user’s head to a
view port is also tracked to adjust a scale associated with
scene being presented.
[0029] In summary, the above described embodiments
enable the tracking of a user’s head in order to move a
point of view to correlate to the head movement. The
tracking is performed without markers, thereby freeing
previous restrictions on a user, especially with reference
to virtual reality applications. While exemplary applica-
tions have been provided for viewing control applications,
it should be appreciated that numerous other suitable
applications may use the embodiments described herein.
For example, additional specific uses include: directing
the view change in a 3D cut-scene, movie or replay; judg-
ing distances using the depth-cue provided by head-mo-
tion parallax, e.g., what distance to jump in a platformer
game; a scary effect of restricting the normal field of view,
e.g., showing the small area visible with a flashlight, and
requiring the user to move their head to see more; and
using head motion as a trigger for events related to the
user’s view, such as, triggering a warping effect when a
user looks over a precipice to indicate vertigo, and trig-
gering a game character’s reaction when you look at
something. In another embodiment, a sniper mode may
be provided where the virtual camera is finely moved
according to fine movements of the user’s head, similar
to peering through the crosshairs of a rifle when aiming
the rifle.
[0030] It should be appreciated that the embodiments
described herein may also apply to on-line gaming ap-
plications. That is, the embodiments described above
may occur at a server that sends a video signal to multiple
users over a distributed network, such as the Internet, to
enable players at remote noisy locations to communicate
with each other. It should be further appreciated that the

embodiments described herein may be implemented
through either a hardware or a software implementation.
That is, the functional descriptions discussed above may
be synthesized to define a microchip configured to per-
form the functional tasks for locating and tracking a user’s
head or facial region and translating the tracked move-
ment to define a scene for presentation.
[0031] With the above embodiments in mind, it should
be understood that the invention may employ various
computer-implemented operations involving data stored
in computer systems. These operations include opera-
tions requiring physical manipulation of physical quanti-
ties. Usually, though not necessarily, these quantities
take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and oth-
erwise manipulated. Further, the manipulations per-
formed are often referred to in terms, such as producing,
identifying, determining, or comparing.
[0032] The above described invention may be prac-
ticed with other computer system configurations includ-
ing hand-held devices, microprocessor systems, micro-
processor-based or programmable consumer electron-
ics, minicomputers, mainframe computers and the like.
The invention may also be practiced in distributing com-
puting environments where tasks are performed by re-
mote processing devices that are linked through a com-
munications network.
[0033] The invention can also be embodied as com-
puter readable code on a computer readable medium.
The computer readable medium is any data storage de-
vice that can store data which can be thereafter read by
a computer system. Examples of the computer readable
medium include hard drives, network attached storage
(NAS), read-only memory, random-access memory, CD-
ROMs, CD-Rs, CD-RWs, magnetic tapes, and other op-
tical and non-optical data storage devices. The computer
readable medium can also be distributed over a network
coupled computer system so that the computer readable
code is stored and executed in a distributed fashion.

Claims

1. A method for processing interactive user control with
a scene of a video clip, comprising:

identifying (180) a head (112) of a user that is
to interact with the scene of the video clip;
tracking (182) the identified head of the user dur-
ing display of the video clip, the tracking enabling
detection of a change in position of the head of
the user for each frame of the video clip, the
tracking including:

identifying a search region (126) within a
portion of a frame of the video clip; and
comparing values within the search region
to template values; and
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adjusting a view-frustum in accordance with
the change in position of the head of the
user for each frame of the video clip,

wherein identifying the head of the user in-
cludes:

capturing an image (120a) of a face for the
head;
generating a template of the face using the
captured image; characterised by:

generating associated images (120b,
120c) where the facial orientation is tilt-
ed relative to the captured image; and
generating other templates using the
generated associated images.

2. The method of claim 1, wherein a view-frustum is
initially defined by a triangular gaze projection set
between outer edges of a virtual window and a virtual
position of the head when the virtual position of the
head is normal to a center point of the virtual window.

3. The method of claim 2, wherein adjusting the view-
frustum moves the virtual position of the head at an
angle from normal relative to the center point of the
virtual window.

4. The method of claim 3, wherein the virtual position
of the head being at the angle from normal relative
to the center point of the virtual window changes an
angle of the triangular gaze projection, the change
in angle of the triangular gaze projection displays a
change in viewing angle of the scene provided by
the video clip.

5. The method of claim 4, wherein the change in view-
ing angle of the scene is a result of the detected
movement of the head of the user to enable the in-
teraction with the scene.

6. The method of claim 1, wherein the change in posi-
tion of the head of the user is continuously tracked
frame-by-frame of the video clip to enable continual
adjustments of the view-frustum so that a viewing
angle of the scene is changed in response to the
changes in position of the head of the user.

7. The method of claim 1, wherein capturing the tem-
plate includes:
obtaining a marker-less image of the face for the
head of the user.

8. The method of claim 1, wherein a camera is used to
enable the capturing.

9. The method of claim 1, wherein the video clip is of

a video game.

10. The method of claim 1, wherein the interaction with
the scene by tracking movement of the head of the
user is independent of user hand-held controls for
interacting with the video game.

11. The method of claim 1, wherein the method opera-
tion of tracking the identified head of the user during
display of the video clip includes:

tracking a facial portion of the head; and
matching gray scale image data associated with
the facial portion to image associated with a tem-
plate of the facial portion.

12. The method of claim 1, wherein the method opera-
tion of adjusting a view-frustum in accordance with
the change in position of the head of the user in-
cludes:

identifying a point of interest of the scene of the
video clip; and
modifying the view-frustum so that the point of
interest appears at a constant position within the
scene when displayed in successive video clips.

13. A computer readable medium having program in-
structions for processing interactive user control with
a scene of a video clip, comprising:

program instructions for identifying (180) a head
(112) of a user that is to interact with the scene
of the video clip;
program instructions for tracking (182) the iden-
tified head of the user in each frame during dis-
play of the video clip, the tracking enabling de-
tection of a change in position of the head of the
user for each frame of the video clip, the program
instructions for tracking including:

program instructions for identifying a search
region (126) within a portion of a frame of
the video clip; and
program instructions for comparing values
within the search region to template values;
and
program instructions for adjusting a view-
frustum in accordance with the change in
position of the head of the user,

wherein the program instructions for identifying
the head of the user are for:

capturing an image (120a) of a face for the
head;
generating a template of the face using the
captured image; characterised by:
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generating associated images (120b,
120c) where the facial orientation is tilt-
ed relative to the captured template;
and
generating other templates using the
generated associated images.

14. The computer readable medium of claim 13, wherein
the program instructions for identifying the head of
the user includes:
program instructions for capturing a template of a
face for the head.

15. The computer readable medium of claim 13, wherein
the change in position of the head of the user is con-
tinuously tracked frame-by-frame of the video clip to
enable continual adjustments of the view-frustum af-
ter each frame of the video clip so that a viewing
angle of the scene is changed in response to the
changes in position of the head of the user.

16. The computer readable medium of claim 14, wherein
the program instructions for capturing the template
includes:
program instructions for obtaining a marker-less im-
age of the face for the head of the user.

17. The computer readable medium of claim 13, wherein
the program instructions for tracking the identified
head of the user during display of the video clip in-
cludes:

program instructions for tracking a facial portion
of the head; and
program instructions for matching gray scale im-
age data associated with the facial portion to
image associated with a template of the facial
portion .

18. The computer readable medium of claim 14, wherein
the program instructions for adjusting a view-frustum
in accordance with the change in position of the head
of the user includes:

program instructions for identifying a point of in-
terest of the scene of the video clip; and
program instructions for modifying the view-frus-
tum so that the point of interest appears at a
constant position within the scene when dis-
played in successive video clips.

Patentansprüche

1. Verfahren zur Verarbeitung interaktiver Benutzer-
steuerung mit einer Szene eines Videoclips, umfas-
send:

Identifizieren (180) eines Kopfes (112) eines Be-
nutzers, der mit der Szene des Videoclips inter-
agieren soll;
Verfolgen (182) des identifizierten Kopfes des
Benutzers während der Anzeige des Videoclips,
wobei das Verfolgen eine Erkennung einer Än-
derung der Position des Kopfes des Benutzers
für jeden Frame des Videoclips ermöglicht, wo-
bei das Verfolgen umfasst:

Identifizieren einer Suchregion (126) inner-
halb eines Abschnitts eines Frames des Vi-
deoclips; und
Vergleichen von Werten innerhalb der
Suchregion mit Vorlagenwerten; und
Anpassen eines Ansichtskegelstumpfs ge-
mäß der Änderung der Position des Kopfes
des Benutzers für jeden Frame des Video-
clips,

wobei das Identifizieren des Kopfes des Benut-
zers umfasst:

Aufnehmen eines Bildes (120a) eines Ge-
sichts für den Kopf;
Generieren einer Vorlage des Gesichts un-
ter Verwendung des aufgenommenen Bil-
des;
gekennzeichnet durch:

Generieren von assoziierten Bildern
(120b, 120c), auf welchen die Ge-
sichtsorientierung in Bezug auf das auf-
genommene Bild geneigt ist; und
Generieren anderer Vorlagen unter
Verwendung der generierten assoziier-
ten Bilder.

2. Verfahren nach Anspruch 1, wobei ein Ansichtske-
gelstumpf anfänglich durch eine trianguläre Blick-
projektion definiert wird, die zwischen Außenkanten
eines virtuellen Fensters und einer virtuellen Positi-
on des Kopfes festgelegt wird, wenn die virtuelle Po-
sition des Kopfes normal auf einen Mittelpunkt des
virtuellen Fensters ist.

3. Verfahren nach Anspruch 2, wobei das Anpassen
des Ansichtskegelstumpfs die virtuelle Position des
Kopfes in einem Winkel von der Normalen in Bezug
auf den Mittelpunkt des virtuellen Fensters bewegt.

4. Verfahren nach Anspruch 3, wobei die virtuelle Po-
sition des Kopfes, die in einem Winkel von der Nor-
malen in Bezug auf den Mittelpunkt des virtuellen
Fensters ist, einen Winkel der triangulären Blickpro-
jektion ändert, wobei die Änderung des Winkels der
triangulären Blickprojektion eine Änderung des Be-
trachtungswinkels des Szene anzeigt, die durch den
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Videoclip bereitgestellt wird.

5. Verfahren nach Anspruch 4, wobei die Änderung des
Betrachtungswinkels der Szene ein Ergebnis der er-
kannten Bewegung des Kopfes des Benutzers zum
Ermöglichen der Interaktion mit der Szene ist.

6. Verfahren nach Anspruch 1, wobei die Änderung der
Position des Kopfes des Benutzers Frame für Frame
des Videoclips kontinuierlich verfolgt wird, um fort-
währende Anpassungen des Ansichtskegelstumpfs
zu ermöglichen, damit ein Betrachtungswinkel der
Szene in Reaktion auf die Änderungen der Position
des Kopfes des Benutzers geändert wird.

7. Verfahren nach Anspruch 1, wobei das Aufnehmen
der Vorlage umfasst:
Abrufen eines markierungsfreien Bildes des Ge-
sichts für den Kopf des Benutzers.

8. Verfahren nach Anspruch 1, wobei eine Kamera zum
Ermöglichen des Aufnehmens verwendet wird.

9. Verfahren nach Anspruch 1, wobei der Videoclip von
einem Videospiel ist.

10. Verfahren nach Anspruch 1, wobei die Interaktion
mit der Szene durch Verfolgen von Bewegung des
Kopfes des Benutzers von Handbedienung durch
den Benutzer zum Interagieren mit dem Videospiel
unabhängig ist.

11. Verfahren nach Anspruch 1, wobei der Verfahrens-
vorgang des Verfolgens des identifizierten Kopfes
des Benutzers während der Anzeige des Videoclips
umfasst:

Verfolgen eines Gesichtsabschnitts des Kopfes;
und
Vergleichen von Graustufenbilddaten, die mit
dem Gesichtsabschnitt assoziiert sind, mit ei-
nem Bild, das mit einer Vorlage des Gesichts-
abschnitts assoziiert ist.

12. Verfahren nach Anspruch 1, wobei der Verfahrens-
vorgang des Anpassens eines Ansichtskegel-
stumpfs gemäß der Änderung der Position des Kop-
fes des Benutzers umfasst:

Identifizieren eines Punktes von Interesse der
Szene des Videoclips; und
derartiges Modifizieren des Ansichtskegel-
stumpfs, dass der Punkt von Interesse in einer
konstanten Position innerhalb der Szene er-
scheint, wenn in nachfolgenden Videoclips an-
gezeigt.

13. Computerlesbares Medium mit Programmanwei-

sungen zum Verarbeiten interaktiver Benutzersteu-
erung mit einer Szene eines Videoclips, umfassend:

Programmanweisungen zum Identifizieren
(180) eines Kopfes (112) eines Benutzers, der
mit der Szene des Videoclips interagieren soll;
Programmanweisungen zum Verfolgen (182)
des identifizierten Kopfes des Benutzers wäh-
rend der Anzeige des Videoclips, wobei das Ver-
folgen eine Erkennung einer Änderung der Po-
sition des Kopfes des Benutzers für jeden Frame
des Videoclips ermöglicht, wobei die Program-
manweisungen zum Verfolgen umfassen:

Programmanweisungen zum Identifizieren
einer Suchregion (126) innerhalb eines Ab-
schnitts eines Frames des Videoclips; und
Programmanweisungen zum Vergleichen
von Werten innerhalb der Suchregion mit
Vorlagenwerten; und
Programmanweisungen zum Anpassen ei-
nes Ansichtskegelstumpfs gemäß der Än-
derung der Position des Kopfes des Benut-
zers,

wobei die Programmanweisungen zum Identifi-
zieren des Kopfes des Benutzers dienen zum:

Aufnehmen eines Bildes (120a) eines Ge-
sichts für den Kopf;
Generieren einer Vorlage des Gesichts un-
ter Verwendung des aufgenommenen Bil-
des;
gekennzeichnet durch:

Generieren von assoziierten Bildern
(120b, 120c), auf welchen die Ge-
sichtsorientierung in Bezug auf das auf-
genommene Vorlage geneigt ist; und
Generieren anderer Vorlagen unter
Verwendung der generierten assoziier-
ten Bilder.

14. Computerlesbares Medium nach Anspruch 13, wo-
bei die Programmanweisungen zum Identifizieren
des Kopfes des Benutzers umfassen:
Programmanweisungen zum Aufnehmen einer Vor-
lage eines Gesichts für den Kopf.

15. Computerlesbares Medium nach Anspruch 13, wo-
bei die Änderung der Position des Kopfes des Be-
nutzers Frame für Frame des Videoclips kontinuier-
lich verfolgt wird, um fortwährende Anpassungen
des Ansichtskegelstumpfs nach jedem Frame des
Videoclips zu ermöglichen, damit ein Betrachtungs-
winkel der Szene in Reaktion auf die Änderungen
der Position des Kopfes des Benutzers geändert
wird.

17 18 



EP 1 663 427 B1

11

5

10

15

20

25

30

35

40

45

50

55

16. Computerlesbares Medium nach Anspruch 14, wo-
bei die Programmanweisungen zum Aufnehmen der
Vorlage umfassen:
Programmanweisungen zum Abrufen eines markie-
rungsfreien Bildes des Gesichts für den Kopf des
Benutzers.

17. Computerlesbares Medium nach Anspruch 13, wo-
bei die Programmanweisungen zum Verfolgen des
identifizierten Kopfes des Benutzers während der
Anzeige des Videoclips umfassen:

Programmanweisungen zum Verfolgen eines
Gesichtsabschnitts des Kopfes; und
Programmanweisungen zum Vergleichen von
Graustufenbilddaten, die mit dem Gesichtsab-
schnitt assoziiert sind, mit einem Bild, das mit
einer Vorlage des Gesichtsabschnitts assoziiert
ist.

18. Computerlesbares Medium nach Anspruch 14, wo-
bei die Programmanweisungen zum Anpassen ei-
nes Ansichtskegelstumpfs gemäß der Änderung der
Position des Kopfes des Benutzers umfassen:

Programmanweisungen zum Identifizieren ei-
nes Punktes von Interesse der Szene des Vide-
oclips; und
Programmanweisungen zum derartigen Modifi-
zieren des Ansichtskegelstumpfs, dass der
Punkt von Interesse in einer konstanten Position
innerhalb der Szene erscheint, wenn in nachfol-
genden Videoclips angezeigt.

Revendications

1. Procédé pour le traitement d’une commande inte-
ractive d’utilisateur avec une scène d’un extrait vi-
déo, comprenant :

l’identification (180) d’une tête (112) d’un utili-
sateur devant interagir avec la scène de l’extrait
vidéo ;
la poursuite (182) de la tête identifiée de l’utili-
sateur lors de l’affichage de l’extrait vidéo, la
poursuite permettant la détection d’un change-
ment de position de la tête de l’utilisateur pour
chaque trame de l’extrait vidéo, la poursuite
comportant :

l’identification d’une région de recherche
(126) à l’intérieur d’une partie d’une trame
de l’image de l’extrait vidéo ; et
la comparaison de valeurs à l’intérieur de la
région de recherche à des valeurs de
modèle ; et
l’ajustement d’un tronc de cône de vue en

fonction du changement de position de la
tête de l’utilisateur pour chaque trame de
l’extrait vidéo,
dans lequel l’identification de la tête de l’uti-
lisateur comprend :

la capture d’une image (120a) d’un vi-
sage pour la tête ;
la génération d’un modèle de visage en
utilisant l’image capturée ;
caractérisé par :

la génération d’images associées
(120b, 120c) dans lesquelles
l’orientation du visage est inclinée
par rapport à l’image capturée ; et
la génération d’autres modèles en
utilisant les images associées gé-
nérées.

2. Procédé selon la revendication 1, dans lequel un
champ de vue est initialement défini par une projec-
tion triangulaire du regard placée entre des bords
extérieurs d’une fenêtre virtuelle et une position vir-
tuelle de la tête lorsque la position virtuelle de la tête
est normale à un point central de la fenêtre virtuelle.

3. Procédé selon la revendication 2, dans lequel l’ajus-
tement du tronc de cône de vue déplace la position
virtuelle de la tête d’un certain angle par rapport à la
normale au point central de la fenêtre virtuelle.

4. Procédé selon la revendication 3, dans lequel la po-
sition virtuelle de la tête se situant audit angle par
rapport à la normale au point central de la fenêtre
virtuelle modifie un angle de la projection triangulaire
du regard, le changement d’angle de la projection
triangulaire du regard affiche un changement de l’an-
gle de vue de la scène fournie par l’extrait vidéo.

5. Procédé selon la revendication 4, dans lequel le
changement d’angle de vue de la scène est un ré-
sultat du mouvement détecté de la tête de l’utilisateur
pour permettre l’interaction avec la scène.

6. Procédé selon la revendication 1, dans lequel le
changement de position de la tête de l’utilisateur est
poursuivi en continu trame par trame de l’extrait vi-
déo pour permettre des ajustements continus du
tronc de cône de vue de manière à ce qu’un angle
de vue de la scène soit modifié en réponse aux chan-
gements de position de la tête de l’utilisateur.

7. Procédé selon la revendication 1, dans lequel la cap-
ture du modèle comporte :
l’obtention d’une image sans marqueur du visage
pour la tête de l’utilisateur.
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8. Procédé selon la revendication 1, dans lequel une
caméra est utilisée pour permettre la capture.

9. Procédé selon la revendication 1, dans lequel l’ex-
trait vidéo fait partie d’un jeu vidéo.

10. Procédé selon la revendication 1, dans lequel l’inte-
raction avec la scène par poursuite du mouvement
de la tête de l’utilisateur est indépendante de com-
mandes manuelles de l’utilisateur pour interagir avec
le jeu vidéo.

11. Procédé selon la revendication 1, dans lequel le pro-
cédé de poursuite de la tête identifiée de l’utilisateur
pendant l’affichage de l’extrait vidéo comprend :

la poursuite d’une partie visage de la tête ; et
la mise en correspondance de données d’ima-
ges en niveaux de gris associées à la partie vi-
sage avec une image associée à un modèle de
la partie visage.

12. Procédé selon la revendication 1, dans lequel l’opé-
ration du procédé consistant à ajuster un tronc de
cône de vue en fonction du changement de position
de la tête de l’utilisateur comprend :

l’identification d’un point d’intérêt de la scène de
l’extrait vidéo ; et
la modification du champ de vue pour que le
point d’intérêt apparaisse à une position cons-
tante à l’intérieur de la scène lorsqu’il est affiché
dans des extraits vidéo successifs.

13. Support lisible par ordinateur comportant des ins-
tructions de programme permettant le traitement
d’une commande interactive d’utilisateur avec une
scène d’un extrait vidéo, comprenant :

des instructions de programme permettant
l’identification (180) d’une tête (112) d’un utili-
sateur devant interagir avec la scène de l’extrait
vidéo ;
des instructions de programme permettant la
poursuite (182) de la tête identifiée de l’utilisa-
teur dans chaque trame pendant l’affichage de
l’extrait vidéo, la poursuite permettant la détec-
tion d’un changement de position de la tête de
l’utilisateur pour chaque trame de l’extrait vidéo,
les instructions de programme pour la poursuite
comprenant :

des instructions de programme permettant
l’identification d’une région de recherche
(126) à l’intérieur d’une partie d’une trame
de l’extrait vidéo ; et
des instructions de programme permettant
la comparaison de valeurs à l’intérieur de la

région de recherche à des valeurs de
modèle ; et
des instructions de programme pour l’ajus-
tement d’un tronc de cône de vue en fonc-
tion du changement de position de la tête
de l’utilisateur, dans lequel les instructions
de programme permettant l’identification de
la tête de l’utilisateur sont destinées à :

la capture d’une image (120a) d’un vi-
sage pour la tête ;
la génération d’un modèle de visage à
l’aide de l’image capturée ;
caractérisé par :

la génération d’images associées
(120b, 120c) dans lesquelles
l’orientation du visage est inclinée
par rapport au modèle capturé ; et
la génération d’autres modèles en
utilisant les images associées gé-
nérées.

14. Support lisible par ordinateur selon la revendication
13, dans lequel les instructions de programme per-
mettant l’identification de la tête de l’utilisateur
comprennent :
des instructions de programme permettant la captu-
re d’un modèle de visage pour la tête.

15. Support lisible par ordinateur selon la revendication
13, dans lequel le changement de position de la tête
de l’utilisateur est poursuivi en continu trame par tra-
me de l’extrait vidéo pour permettre des ajustements
continus du champ de vue après chaque trame de
l’extrait vidéo de manière à ce qu’un angle de vue
de la scène soit modifié en réponse aux change-
ments de position de la tête de l’utilisateur.

16. Support lisible par ordinateur selon la revendication
14, dans lequel les instructions de programme per-
mettant la capture du modèle comprennent :
des instructions de programme permettant l’obten-
tion d’une image sans marqueur du visage pour la
tête de l’utilisateur.

17. Support lisible par ordinateur selon la revendication
13, dans lequel les instructions de programme per-
mettant la poursuite de la tête identifiée de l’utilisa-
teur pendant l’affichage de l’extrait vidéo
comprennent :

des instructions de programme permettant la
poursuite d’une partie de visage de la tête ; et
des instructions de programme permettant la
mise en correspondance de données d’images
en niveaux de gris associées à la partie de vi-
sage avec une image associée à un modèle de
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la partie de visage.

18. Support lisible par ordinateur selon la revendication
14, dans lequel les instructions de programme per-
mettant l’ajustement d’un tronc de cône de vue en
fonction du changement de position de la tête de
l’utilisateur comprennent :

des instructions de programme permettant
l’identification d’un point d’intérêt de la scène de
l’extrait vidéo ; et
des instructions de programme permettant la
modification du tronc de cône de vue de manière
à ce que le point d’intérêt apparaisse à une po-
sition constante dans la scène lorsqu’il est affi-
ché dans des extraits vidéo successifs.
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